.4bstraci -The modal scattering matrix method is applied for the rigorous computer-aided design of low-insertion-loss magnetically tunable Eplane metaf inserf filters with improved characteristic, where only the resonator sections are loaded with ferrite slabs, and large-gap f irdine filters on a ferrite substrate of moderate width, for millimeter wave applications.
are available. The computer-aided design of the magnetically tunable E-plane integrated circuit filters presented in this paper (Fig. 1) included) with the single-ferrite-slab-loaded resonator region for the finline filter type (Fig. 2(b) ). The overall scattering matrix of the total filter component is calculated Fig. 2(a) ), due to fabrication tolerances, on the filter response, which has been observed in evanescent-mode filters as well [6] , [7] , is adequately taken into account by extending the field matching method to include the subregions VI and II in Fig. 2(a) for the five-layer resonator regions of lengths 1,,.
Matching the transversal field components at the corresponding interfaces of Fig. 2 filter, and about 10 dB for a four-sphere filter, at V-band
[39]). In Fig. 3(a) , good agreement between theory and measured results may be observed. Although the technique to use two lateral ferrite slabs along the whole filter section (Fig. 3(a) ) may be more convenient concerning a simple manufacturing of the component, improved stopband characteristics of this filter type are obtained by a modified performance (Fig. 3(b) ), where only the resonator sections are loaded with the ferrite slabs. The improved tunable E-plane metal insert filter design (Fig. 3b) avoids the undesired secondary effect of the reduction of the cutoff frequency by the ferrite loading for the below-cutoff coupling sections of the filters; hence, direct coupling of modes along the strip section with increasing frequency is circumvented within the waveguide band under consideration.
Moreover, the modified filter type (Fig. 3(b) ) where the ferrite slabs are 11/s2,1
[dB] The Ku-band design ( Fig. 4(a) ) with a WR28 waveguide housing (7.1"12 mm x 3.556 mm) uses lateral ferrite TT86-6000 slalbs (Transtech Inc.) of widths w = 0.5 mm for two different dc field strengths (curves 1,,2). The operating midband of the filter may be tuned within about 29.7 and 30.4 GHz. Tlhe V-band design (Fig. 4(b) (Fig. 4(b) ).
The filter responses of computer-optimized millimetwwave large-gap finline filters on TT'86-6000 ferrite substrates are shown in Fig. 5 . The Ka-band design (Fig. 5(a) ) provides a tuning range from about 29.1 to 30.0 GHz. For the V-band design (Fig, 5(b) ), the related values are 51.9 and 53.3 GHz. The millimeter-wave tunable E-plane metal insert filter (Fig. 4(b) ) and large-gap finline filter ( filter on a TTVG-1200 substrate ( Fig. 6(a) ). The measured minimum insertion losses are about 1.3 dB in the first and 2.3 dB in the second passband. As all relevant parameters, such as higher order mode interactions and the influence of the metallization thicknesses, are included in the design theory, the theoretically predicted values agree well with measured results. The components of the fabricated filter are shown in Fig. 6(b) . These comprise the R140 waveguide housing (15.799 mm X 7.899 mm) together with the biasing magnet, and the photoetched finline filter structure on the ferrite TTVG-1200 substrate with a chromium/gold reinforced metallization with a total thickness t =15 pm.
IV.
CONCLUSIONS
A rigorous field theory is applied for the optimum design and improved performance of millimeter-wave ferrite-loaded, magnetically tunable E-plane metal insert filters and large-gap firdine filters on a ferrite substrate. 
with the following abbreviations:
The elements of matrices (R), (LE), and (LH) are given by 
with the matrix coefficient
. 
